University of South Florida

Digital Commons @ University of South Florida
Tropical Ecology Collection (Monteverde
Institute)

Monteverde Institute

September 2001

A medicinal plant analysis in premontane wet/moist and
premontane wet life zones in Monteverde, Costa Rica
Ryan Pjesky

Follow this and additional works at: https://digitalcommons.usf.edu/tropical_ecology

Recommended Citation
Pjesky, Ryan, "A medicinal plant analysis in premontane wet/moist and premontane wet life zones in
Monteverde, Costa Rica" (2001). Tropical Ecology Collection (Monteverde Institute). 485.
https://digitalcommons.usf.edu/tropical_ecology/485

This Text is brought to you for free and open access by the Monteverde Institute at Digital Commons @ University
of South Florida. It has been accepted for inclusion in Tropical Ecology Collection (Monteverde Institute) by an
authorized administrator of Digital Commons @ University of South Florida. For more information, please contact
scholarcommons@usf.edu.

A Medicinal Plant Analysis in Premontane
Wet/Moist and Premontane Wet Life Zones in
Monteverde, C.R.
Ryan Pjesky
Department of Environmental Studies, University of Colorado at Boulder
_____________________________________________________________________________

ABSTRACT
This study was completed in Monteverde, Costa Rica on the diversity of medicinal plants in:
premontane wet/moist and premontane wet forest. The purpose of this study was to find overall plant
diversity and medicinal plant diversity within these two forests. After finding medicinal plant diversity, a
conservation value could then be applied for each life zone accordingly. This was done by surveying three,
10-meter square plots in both life zones. It was hypothesized that plant diversities would be different within
the two life zones. This hypothesis was not supported: the two plant communities had similar richness (S),
diversity (H'), and evenness (E) for overall plant diversity and medicinal plant diversity. On a family level,
premontane wet/moist medicinal plant diversity had richness of 21 families, H' = 2.2, and E = 0.37. On a
family level, premontane wet medicinal plant diversity resulted in a richness of 19 families, H' = 2.4, and E
= 0.39. These results were also reflected on genera and species levels for medicinal plant diversity and
overall plant diversity. One explanation for this equivalence of diversity is perhaps the two life zones
sampled were successionally similar forests. Another explanation is that it is possible these two areas were
actually the same life zone due lack of elevation differentiation. In order to allow for assurance in results
and proper conservation values more studies need to be done, on a larger scale, with more exhaustive
sampling.

RESUMEN
Esta investigación analizó la diversidad de plantas medicinales en dos zonas de vida: premontano
mojado/húmedo y premontano mojado. El propósito es mostrar que la diversidad total de plantas en
relación a la diversidad de plantas medicinales. Después de esto, es posible aplicar un valor de
Conservación. Este análisis fue hecho investigando tres parcelas de diez-metros cuadrados en ambas zonas
de vida. Mi suposición es que la diversidad de plantas es diferente en cada zona de vida. Mis datos no
apoyan mi suposición pues ambas comunidades tuvieron riquezas similares (S), diversidad (H’) y
uniformidad (E) en la relación de diversidad de plantas y plantas medicinales. A nivel de familia, la zona
premontano mojado/húmedo la diversidad de plantas medicinales tuvo 21 familias, H’ = 2.2, y E = 0.37.
En una nivel de familia en la zona premontano húmedo la diversidad de plantas medicinales tuvo 19
familias, H’ = 2.4, y E = 0.39. Estos resultados fueron parecidos a los niveles de géneros y especies en el
total de diversidad de plantas y plantas medicinales. Una explicación por la similitud en la diversidad es
que las parcelas fueron en zonas de regeneración. Otra explicación es que los bosques fueron similares.
Es necesario más estudios durante periodos más largos para mostrar que el valor de las plantas medicinales
en Conservación.

INTRODUCTION
Many local communities surrounding tropical forests and even far away ones depend
on tropical plants for their medicinal properties. Medicinal plants have been used safely and
effectively for over five millennia (Elkins 1997). In fact, more than 75 percent of the world

turns to local herbalists for medical problems (Elkins 1997). While many societies depend
on medicinal plants for their primary source of medicine, most western societies remain
skeptical of herbal medicine. Whether you are an advocate of herbal medicine or not, it is
important to remember that all medicine currently produced once was a natural substance
extracted from our environment. Therefore, one reason to conserve forests is for their
potential medicinal value.
Major pharmaceutical companies rely on tropical plants for drugs they produce and
for the possibilities of the next "miracle drug". "It has been estimated that over 12 percent
of all prescription drugs contain at least one ingredient derived from tropical higher plants
(Duke 1994; Elkins 1997)." The reason medicinal herbs are not popular in western
economies is because pharmaceutical companies cannot patent them (Duke 1997).
Pharmaceutical companies make their money by extracting medicinally active molecules
out of plants, and creating a synthetic form that is chemically unique (Duke 1997). These
companies then sell the newly patented product for much more money than the original cost
(Duke 1997). The downside of Pharmaceuticals is that they are usually costly and much
stronger forms of the original plant, this leading to harmful side effects (Duke 1997). In
some situations this leaves people searching for alternatives, herbal medicine being one of
those alternatives.
The medicinal value of forests depends on the plant community, which changes
according to abiotic conditions. The Holdridge Life Zone System (1967) classifies
different vegetation types throughout the world. "A life zone is a natural unit for the
association amongst vegetation, animal activities, climate, land physiographic, geological
formations, and soil which is interrelated in a unique recognizable combination which has a
distinct aspect or physiognomy." (Holdridge 1967). The three factors that determine a life
zone's environmental composition are temperature, annual precipitation, and
evapotranspiration (Holdridge 1967).
In Costa Rica, 98% of the protected area represents only 10 of the 23 life zones or
major transitional life zones in the country, leaving most zones unprotected (Powell et al.
1995/96). Here, the premontane moist forest life zone has lost over 99 percent of its
original habitat and the premontane wet forest life zone has lost approximately 81 percent of
its original habitat (Groom and Shumaker 1993; Meffe and Carroll 1997). Life zones at the
highest risk are those that are accessible to humans and can provide some type of resource
for humans, be it timber, good soil, or grazing land. Historically, tropical forests have been
used to produce fast money from the timber, burning all the remains, and planting an annual
crop for a few seasons, until the soil has been completely leached of nutrients (Balick and
Cox 1996). The premontane moist and premontane wet forest, have such high percentages
of loss because these life zones are very suitable for many types of development. In order to
maximize conservation of biodiversity, it is vital to focus on preserving life zones in the
order of the most at risk to the least at risk.
Utilizing economics to analyze different uses of forest, ethnobotanists have
concluded some areas of tropical forest have economically viable alternatives to clearcutting (Balick and Cox 1996). One study completed by Peters et al. in (1980) showed that
the market value for an annual yield of fruit and latex in one hectare of forest in Rio Nanay,
Peru was $6330. Then they estimated a market value for sustainable timber harvest for that

same hectare of forest, which equaled $6820 (Balick and Cox 1996). In a similar study,
Balick and Mendelsohn in (1998) estimated the value of native medicinal plant species
extracted from a forest in Belize. Per hectare, they found that at a sustainable harvest level
there is a net present value of $3327 for these plants (Balick and Cox 1996). Thus, there are
economic benefits to conserving forests that house medicinal plants.
When conservation value is assessed for a forest, two main factors are taken into
account, ecosystem services and biodiversity of species. Less frequently, non-timber
products and the medicinal value of a forest are weighed. It is important to weigh these
factors, because they offer local people a means for earning a living and ultimately local
people determine whether an area is or is not conserved. The question this study addresses
is the medicinal value of endangered life zones in Monteverde, specifically premontane
moist and premontane wet forests. It is anticipated that these two life zones will have
different plant compositions, thus different medicinal plant values. After medicinal plant
value is assigned, it will be possible to align conservation value accordingly for these two
life zones. This may provide another reason why tropical forests in Monteverde are worth
more standing than falling: their medicinal plant value.

METHODS
This study took place in secondary forests in Monteverde, Costa Rica. Study sites
were located in premontane wet/moist forests in lower Bajo del Tigre at 1150-1200 meters,
and premontane wet forests in Cañitas at 1350-1400 meters. For each study site, three 10meter square plots were chosen based upon their ability to encompass all aspects of the
surrounding forest/life zone. These areas were then roped off by using a tape measure. For
each plot there was a survey completed of only plants one to three meters in height,
excluding all vines. This was done by extracting one plant from the plot, assigning that
plant a morphospecies name (e.g. A), and surveying the rest of the plot for similar
individuals. This process was completed for three study plots in each life zone. The
product of this survey was a list of morphospecies, their relative abundances, and pressed
samples of each morph species.
Samples then went through typical pressing methods. Pressing each plant involved
placing each specimen in between newspaper, and then bundling multiple specimens in a
wooden plant press with a belt each bundle was then left to dry in the Biological Station's
drying boxes. After adding the numbers of individuals together for each morphospecies,
there was then a master list created for each life zone. Identifying morphospecies to actual
species involved using various books including: Intro to Cloud Forest Trees of Monteverde.
Costa Rica (W.A. Haber, W. Zuchowski, and E. Bello) and Woody Plants of Northwest
South America (A.H. Gentry). Along with these books the herbarium at the biological
station was also of assistance. After keying out the plants, expert resources (Karen Masters,
Willow Zuchowski, and Bill Haber) checked identifications and to help in identifying any
species left unknown.
In order to identify the species down to a medicinal level books were used including
Plantas Medicinales de Costa Rica y su Folclore (E.A. Meléndez), and a master list of all
plants known to have medicinal value in Monteverde (Zuchowski, unpublished). Many
potential medicinal values of plants are yet to be discovered. Therefore, evaluation for a

plants medicinal properties was done on levels of family, genus, and species. If one plant in
a family or genus was known to have medicinal properties, then that whole family or
genera was considered to have medicinal value.
Each life zone's species list was then evaluated for overall diversity and medicinal
diversity on family, genus, and species levels. Shannon-Weiner calculations were
completed for each life zone on overall diversity and medicinal diversity to get total species
richness, diversity (H'), and evenness (E). Lastly, each life zone's medicinal value was
compared using a chi-squared test for known medicinal value against unknown medicinal
value on family, genus, and species levels.

RESULTS
The premontane wet/moist life zone plots contained 490 individual plants,
representing 19 families, 24 genera, and 27 species. The premontane wet life zone plots
contained 389 individual plants, representing 21 families, 34 genera, and 39 species (see
Appendix 1&2). Shannon-Weiner diversity and evenness indices were very similar in both
life zones (Tables 1-3).
The premontane wet/moist life zone contained 413 individual plants known to have
medicinal value on a family level, 80 on a genus level, and one on the species level. The
premontane wet zone contained 268 individual plants known to have medicinal value on a
family level, 175 on a genus level, and five on species level (Appendix 1&2). ShannonWeiner and evenness indices were also used to calculate the medicinal diversities of the two
life zones. These indices were also very similar within both life zones, showing little
variance in medicinal plant diversity between each life zone (see Tables 4-6). Calculations
for medicinal species diversity were never calculated due to such low frequency (one
species for premontane wet/moist and two species for premontane wet).
A Chi-square test was done to compare each life zone's known medicinal plants
against unknown medicinal plants on the family, genus, and species level. When the Chisquare test was completed for each level, there was no significance in the frequency of
medicinal plant diversity (Tables 7-9). Values (DF = 1, Cty. Cor. Chi Square = 0.00, and
Cty. Cor. P-value > 0.05) were displayed consistently throughout each data set.

DISCUSSION
The hypothesis of this study was that plant communities in premontane wet/moist and
premontane wet life zones would have different plant diversity, and medicinal plant
diversity. The Shannon-Weiner indices, evenness indices, and Chi-square tests results show
this hypothesis to be incorrect. Plant communities in premontane wet/moist and
premontane wet have equal diversity of total species on a medicinal level and a nonmedicinal level. Results also show that medicinal diversity is directly correlated with overall
diversity, so if there are more plant species, there will be more medicinal plant species or
vice versa.
One explanation for equal plant and medicinal plant diversity could be that because
the forests sampled were secondary growth in nearby areas, perhaps their last major

disturbances occurred at the same time. This would make them sucsessionally similar
forests, thus containing approximately the same number of species. This can be explained
further by Connell's "intermediate disturbance hypothesis". Cornell (1978) says high
species diversity is maintained when disturbances are intermediate on the scales of
frequency and intensity (Fig. 1). He says this is true because an intermediate disturbance
allows good colonizers and good competitors to be at equilibrium, canceling out their
positive attributes, allowing room for other species. In general, this is a way to explain why
there is a certain number of species in an area.
Another explanation for equal diversity could be that both life zones studied were the
same life zone, due to similar abiotic factors. The two study sites occurred at elevations
from 1150-1400 meters. If the two study sites had greater elevation differentiation, perhaps
results would be different. It is possible that abiotic factors such as rainfall, soil
composition, and or evapotranspiration are very similar at the two sites. This creates habitat
homogeneity, thus there is equivalent diversity between two sites.
The Shannon-Weiner indices, evenness indices, and Chi-square tests conclude
medicinal and non-medicinal plant diversity is equal within both life zones studied. This is a
conclusion that goes against what has previously been known about these life zones. On the
Pacific slope of Costa Rica, rainfall and plant species diversity increases with increasing
altitude. My results do not support this general trend. Adjustments for future studies
involve many different factors. One being that there needs to be more study plots and each
plot needs to be larger. This would allow for more exhaustive sampling in each life zone.
Also, a greater difference in elevation between study sites would lead to a better
representation of plant communities in the two life zones. Another adjustment would be to
have more people working in the field, analyzing plots together. The reason for this is
simply that multiple sets of eyes are better than one in finding various species and their
abundances.
Although the two sites do not differ in relative medicinal value, there exists a
statistically non-significant trend for premontane wet forest to have higher richness in
genera and species for plants overall (Tables 1-3) and for medicinal plants (Tables 4-6).
Although this difference in richness is noticeable, it may not be great enough to rank one life
zone above the other in terms of conservation value. More studies on larger scales are
necessary to be able to apply conservation value with assurance.
The result of this study suggests that the medicinal value of a forest mirrors overall
plant diversity of a forest. If overall plant diversity of a forest is already known, why are
more studies of medicinal diversity necessary and how will they assist in future conservation
efforts? The answer is simple: studies like this provide a better understanding of the total
value for a given forest or region.
This could apply for public or private lands, but let say you are a decision maker for
private land usage. You decide your going to put your forest on the auction blocks to
logging companies for clear cutting. Then one month before auction, a biologist tells you to
conserve the forest because there are X amount of medicinal plants within it. The biologists
then decides to do further research and teams up with an ethnobotanist, and they find out
that this X amount of medicinal plants has X amount of cancer fighting properties, and is

worth X amount of dollars. After a few calculations you realize that you can obtain more
money through sustainable harvests of medicinal plants and other non-timber products than
you would if you sold the forest to the logging companies. On top of this you remember
while keeping bank accounts balanced you are conserving biodiversity. So you go ahead
and make the decision to conserve the forest versus sell the forest to the logging
companies.
While not all conservation stories quite play out like this situation, it is easy to see
that sometimes a little research and creative mind power can go a long way. This is why
conservation biologists like myself spend weeks, months, years, and sometimes lifetimes
researching biology. We are searching for clues, evidence, and pathways that can direct our
everyday activities and decisions in a more conscious, conservation oriented manner for the
benefit of present and future earth species. So to all biologists, keep on searching!
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